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Synopsis: In this paper we present the experimental analysis of samples of 
concrete where portion of the natural aggregate were replaced with recycled 
aggregate originating from concrete (RCA). Experimental analysis to obtain the 
shrinkage properties (basic and dried) of the concrete containing recycled 
concrete aggregate (CRCA) was performed. The percentages of replacement of 
natural aggregate with RCA were 0%, 15%, 30%, 60% and 100% with test 
conditions of 50% RH and 20°C. The results of these trials are compared with 
reference concrete tests, at an age of 270 days. The results demonstrated an 
increase in the shrinkage of the CRCA that is proportional to the amount of 
RCA used as a replacement for the natural aggregate. When compared to the 
reference concrete, the drying shrinkage showing significant changes; however, 
their evolution over time is similar to standard concrete.  
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INTRODUCTION 
 
 
It is known that the use of recycled concrete aggregate (RCA) in concrete 
involves an increase in the mortar content in the resulting concrete, and 
therefore, potential increases in shrinkage strain. Parallel to this, Kikuchi, 
Yasunaga and Ehara [1], together with Tavakoli and Soroushian [2], report the 
high importance of RCA quality with respect to the increase in strain due to 
shrinkage (εsh); or, stated in another way, the importance of the w/c ratio of the 
concrete which produced the RCA, its service history and period of hardening 
[3, 4], together with the process used in its production (a high level of 
refinement or elimination of the old mortar adhering to the natural aggregate 
translates into a reduction of shrinkage) [4] 
 
In addition to the above, the purity of the employed RCA should be taken into 
account as a factor for the increase in shrinkage reported in the concrete 
containing recycled concrete aggregate (CRCA). The type and amount of 
contaminants that might be present in these aggregates have been reported by 
Yanagi, Nakagawa, Hisaka and Kasai [5] as another of the causes for the 
differences (they can generate increases of 129% to 150%) in the shrinkage 
behavior of the CRCA. In other papers on CRCA [6, 7, 8, 9, 10], the authors 
also discuss the shrinkage increases, which are usually found and establish 
typical ranges of increases, between 10% and 25% more compared to reference 
concretes. When all of the natural aggregates (both coarse and fine fractions) are 
replaced by RCA, increases in shrinkage may even reach 100%. Other research, 
also involving CRCA [1, 11, 12, 13, 14], has shown that the increase in coarse 
aggregate replacement correlates with the increase in shrinkage; this increase 
appears to be more plausible when the RCA exceeds a threshold percentage of 
the total aggregate content (≥ 30%) [13, 14, 15] 
 
In addition to these relationships, as with ordinary concretes, the CRCA also 
presents the correlations known in all concretes; an example of this is that 
existing between the w/c ratio of the concrete and the shrinkage increase [2, 4] 
 
Finally, with respect to drying shrinkage (εsh dry) of CRCA only, the papers 
 published up to now may be summarized as follows: 
 
1. The increase in drying shrinkage of CRCA is imputable to the old mortar 
adhering to the natural aggregate, and also due to the content, 
interconnection and distribution of pore size [16, 17, 18]. 
 
2. The values may range from 20% to 70% more than the reference 
concrete, and when 100% of the aggregate is replaced, this increase may 
exceed 70% [19, 20, 21, 22, 23, 24], even reaching values of up to 263% 
more [25] 
 
3. Attenuation of the increases in drying shrinkage of CRCA may be 
feasible through suitable use of shrinkage-reduction agents [26] 
 
The main purpose of this paper is to explain on and provide practical 
information concerning the properties of drying shrinkage of CRCA, for which 
confirmation is sought in the scientific basis of their behavior and thus, to 
provide a solution to current application requirements. 
 
 
EXPERIMENTAL DETAILS 
 
 
Original Concrete 
 
 
In this study 4 m3 of original concrete (OC) was used. The concrete was made in 
a mixer and was placed into wooden formwork frames measuring 0.40 x 0.20 x 
0.10 m. Fifty cylinders measuring 0.15 m in diameter x 0.30 m in height and 
four cubes 0.10 m were also used to study the porosity and mechanical behavior 
of OC. 
 
Twenty-four hours after casting, the specimens were removed from the 
formwork and placed in the curing regime for 150 days (see Table 1, where the 
specific characteristics of this concrete are given). The specimens were then 
passed once through a semi-fixed roller grinder with an inlet width of 0.45 m 
and a maximum outlet size of 0.025 m. Finally, the resulting material was 
classified into sizes: 0-5, 5-10, 10-20 and 20-25 mm. The 5-10 and 10-20 mm 
fractions were used as RCA in this work. 
 
 
Recycled Aggregate and Natural Aggregate  
 
 
The designation used by sizes was: for RCA, gravel 10-20 mm and fine gravel 5-10 
mm; and for the natural aggregate (NA), gravel 12-20 mm and fine gravel 5-12 mm. 
  
The criterion used for this fit was the compacted maximum density (which 
reduced the possible influences of different particle size). These were: 
 
 For RCA the combination was 55% gravel and 45% fine gravel. 
 
 For NA the combination was 70% gravel and 30% fine gravel. 
 
Table 2 shows the properties of the aggregate used. The RCA used in this study 
can be considered as being within the RILEM recommendation for TYPE II 
RCA (absorption ≤ 10% and Ds ≥ 2000 kg/m3); for the Belgian recommendation 
they are GBSBII (absorption < 9% and Ds > 2100 kg/m3); and in the Japanese 
case they comply with the absorption requirement (absorption ≤ 7% and Ds ≥ 
2200 kg/m3) in the fractions used [27, 28, 29, 30] Consequently, the RCA 
employed in this study may be used in both plain and reinforced concrete if its 
application and factors of behavior are taken into account. 
 
 
Mixture of Recycled Concretes 
 
 
Due to the difficulty in determining the real w/c because of the high variation of 
absorption in the RCA, it was decided to use basic ACI 211.1 and ACI 211.2 
mixture concepts proportioning with the following criteria: 
 
1. The substitution of RCA for NA was done using equal volume fractions 
with the following condition: 
 
( )coarsecoarsecoarse NARCA
RCA
r +=    (0.00 ≤ r  ≤ 1.00) 
 
Where: r  = percentage of NA replaced by RCA, by volume; coarseRCA  = 
55% recycled gravel + 45% recycled fine gravel; coarseNA  = 70% natural 
gravel + 30% natural fine gravel. 
 
The aggregate replacement percentages of the five samples of CRCA 
were: r  = 0.00, 0.15, 0.30, 0.60 and 1.00. The fine aggregate used was, 
100% crushed natural limestone sand from the Garraf quarry, Barcelona. 
 
2. The RCA showed an increase in absorption proportional to the time 
spent in water. An immersion time of 20 minutes was used for the 
concrete mixtures, with up to 97% fine gravel and 77% gravel, and 
compared with the 24 hour absorption in all cases. 
 
3. The amount of water absorbed by the aggregate was taken into account 
separately, in addition to its surface moisture before mixing and the free 
 water formed part of the mixture water. The above aspect is justified in 
criteria that were emphasized in previous publications of the authors [13, 
14, 18, 31, 32, 33] 
 
With the established mixing time and the required amount of water, the order of 
mixing the materials guaranteed (as far as possible) the immobility of the water 
and an improvement in the transition zone. The following sequence was 
adopted: (a) all of the coarse aggregate and water was introduced in the mixer; 
(b) these were mixed for 2 minutes; (c) the mixer was switched off for 3 
minutes; (d) stages b and c were repeated twice; (e) the cement was introduced 
and mixed for 3 minutes; and (f) the sand was added and mixed for another 3 
minutes. 
 
The mixtures obtained using the above criteria are given in Table 3. The 
variation in consistency and volumetric proportions for the different percentages 
of aggregate replaced are within tolerable limits (slump 0.1 ± 0.03 m and 
concrete with volumetric proportion normal) 
 
 
Properties of the Concretes 
 
 
Tests were conducted on the different concretes included in the study to 
determine physical properties such as absorption, density, and porosity; and 
mechanical properties such as compressive and tensile strength, and Young’s 
modulus. Table 4 shows the results of the tests, in which the Spanish Norm were 
used. For additional details on similar work, see previous publications by the 
authors [13, 14, 18, 31, 32, 33] 
 
 
Shrinkage of the Concretes Containing RCA 
 
 
Shrinkage tests were conducted on four cylinders measuring 0.15 m in diameter 
x 0.45 m in height for each of the proposed variables (28 in total). The strain 
measurements were made with embedded MM series EGP-type gauges fitted in 
the center of the concrete specimens. The specimens were kept in a curing 
chamber for 28 days (T = 20°C ± 2 and RH = 90% ± 5), after which they were 
moved to a climate chamber (T = 20°C and RH = 50%) until the end of the test 
period (270 days). The initial deformation measurements (t0) were made 24 
hours after the specimens had set. When the specimens were moved to the 
climate chamber, the surfaces of two of the samples for each variable under 
study (for basic shrinkage) were sealed with paraffin (3-mm-thick layer) and 
finally wrapped in three sheets of aluminium foil to prevent seepage of water 
from the chamber environment. 
 
 Figure 1 shows four samples during the preparation phase before commencing 
the drying process in the climatic chamber. From left to right, the first is a test 
specimen that is used to determine total shrinkage (un-coated surface) and the 
remaining three are test specimens used to determine basic shrinkage (the 
middle two were coated in paraffin, and the last was also wrapped in sheets of 
aluminum foil). Figure 2 show 12 of the 24 test specimens used in this 
experimental project during study in the climatic chamber. 
 
Figures 3 and 4 show the behavior of the specimens during the initial curing 
chamber process and later climatic chamber drying. In all the figures, the curves 
represent the mean value for two test specimens, in which the expansion strains 
are expressed arbitrarily with a negative sign (-), whereas a positive sign (+) is 
used for shrinkage effects. It can be seen from these figures that the OC samples 
undergo greatest expansion (also known as swelling) during the curing chamber 
process. This is explained by the fact that, unlike the other CRCA samples, the 
OC samples undergo a prior period of ageing (150 days of curing conditions and 
15 further days under laboratory conditions). 
 
This ageing period, especially the 15 days of drying under laboratory conditions, 
leads to the loss of a large percentage of the water retained in the OC capillary 
pores, and when the test specimens are again placed in an environment with a 
high relative humidity, the expansion process is accelerated. 
 
With respect to the CRCA samples, previous research work papers [13, 14, 34, 
35, 36, 37, 38] have discussed the existence of certain differences concerning 
the expansion increase, together with the similarity in behavior with light or 
porous concretes. For our own study, we will say that the behavior of the CRCA 
samples shows an agreement between the replacement factor r  and the 
expansion experienced during this first curing chamber phase, although it is 
important to note that there is also a notable separation of the CRCA curves into 
two well differentiated groups: 
 
1) The curves for the variables r  = 0.00, r  = 0.15 and r  = 0.30 are 
grouped together in the low or medium range (expansions in the order of 
-0.045 mm/m) 
 
2) The curves for the variables r  = 0.60 and r  = 1.00 are grouped together 
in the range of maximum or high expansion (expansions in the order of -
0.109 mm/m, which, in comparative terms, represents an increase of 2.5 
times greater expansion). 
 
After the time spent by the test specimens in the climatic chamber, there is a 
clear difference in behavior between those with free water loss (total shrinkage 
“εsh total”) and those which were sealed with paraffin wax and wrapped in 
aluminum foil (basic shrinkage “εsh basic”) 
 
 With regards to the basic shrinkage curves (Figure 3), it should be stated that the 
variables r  = 0.60 and r  = 1.00 rapidly recover part of the expansion 
undergone in the first stage and can even reach the other variables under study. 
The reference concrete is reached at approximately 4,500 hours (this recovery 
being approximately 50% of the strain caused by expansion), and finally, these 
variables demonstrate the greatest levels of expansion recovery (around 68% of 
the expansion undergone). 
 
The remaining variables under study ( r  = 0.00, r  = 0.15 and r  = 0.30) show 
slight recovery of the expansion strain at the beginning of the second period, 
after which they remain practically constant until the end of the study period 
(the expansion recovery of this set of variables only reached 22% of the 
expansion strain undergone). 
 
For those test specimens showing total shrinkage during the climatic curing 
stage (Figure 4), it can be said that their behavior is notably similar for all 
samples at a young age; however, over time, the increase in the r  factor reveals 
a behavior that is more proportional to the strain suffered by total shrinkage, 
which in turn is even more accentuated with time. The order of magnitudes of 
total shrinkage for CRCA is quite significant when compared with the reference 
concrete; with extreme values of: 0.561 mm/m for r  = 1.00 compared to 0.394 
mm/m for r  = 0.00. These values of total shrinkage translate into an increase of 
1.4 times more total shrinkage at an age of 270 days, these values being 
obtained from the accumulated behavior from the curing chamber stage. 
 
With respect to the OC variable, referring to total shrinkage and for the climatic 
chamber stage, it can be said that its curve rises rapidly at the beginning, then 
continues to rise very steeply until it reaches a final total shrinkage value of only 
0.065 mm/m. This can be explained by the fact that this concrete possesses a 
much greater level of maturity than the other samples studied, so that any 
possible increase in total shrinkage is predictably much less. 
 
In order to obtain the real strain values for each of the properties in this study 
(only during the climatic chamber period), and thus make them useful for the 
design coefficient calculations, it was necessary to eliminate the values 
corresponding to the first stage of strain (curing chamber). In order to do this, 
the drying start time in the climatic chamber was set as zero (in other words t0 = 
28 days became t0 = 0 days) and the corresponding strains were also set as zero, 
with the result that shrinkage (t0 = 28 days) = 0 mm/m. Commencing with this 
standard, the other time and strain measurements were recalculated in relation to 
these points, and it was then a simple matter to obtain the real strain values for 
the climatic chamber stage. 
 
Finally, effect superposition criteria were applied to each pair of total (εsh total) 
and basic (εsh basic) shrinkage values in order to obtain the real drying shrinkage 
values (εsh dry). 
  
Figures 5 and 6 show the curves of basic shrinkage and total shrinkage after 
having carried out these modifications. In the first (Figure 5), it can be seen that 
the previously described grouping criterion continues to be applicable. On the 
one hand, the variables r  = 0.60 and r  = 1.00 can be located in the zone of 
maximum strain, whereas the variables r  = 0.00, r  = 0.15 and r  = 0.30 are 
located in the zone of low strain. 
 
It is important to take note of the fact that these last three variables (in the same 
way as OC) still express the strain in the expansion zone; however, their values 
should be considered as being the product of the basic shrinkage phenomenon. 
This can be explained by the possibility that the hydration of the cement 
particles may be restricted not by lack of water, or by having exhausted the 
cement’s hydration potential, but by the chemical bonds existing prior to this 
period in the climatic chamber. This results in a blocking of the space available 
for the cement particles to form new hydrated compounds. On the other hand, 
when dealing with concrete having a high content of recycled concrete 
aggregate (RCA), its high porosity and specific surface area, together with the 
possibility of contributing non-hydrated cement particles [13, 14, 18, 31, 32, 
33], will allow the hydration to be prolonged for more time and thus achieve a 
better hydration process. 
 
In quantitative terms, Table 5 contains the calculated values for the three types 
of strain (εsh basic, εsh total and εsh dry) which were obtained from the climatic 
chamber stage. These values correspond to the usual age points that enable 
references or comparisons to be made with the mechanical properties previously 
above. In absolute values, the mean value of basic shrinkage for r  = 1.00 and r  
= 0.60 is 0.050 mm/m, whereas for the group r  = 0.30, r  = 0.15 and r  = 0.00 
this is only 0.007 mm/m at an age of 270 days; in other words, CRCA with high 
RCA content may reveal a value of basic shrinkage which is 7 times that of the 
reference concretes, with the disproportion being a direct function of concrete 
age. 
 
With regards to total shrinkage (see Figure 6), the proportions calculated as a 
function of the reference concrete ( r = 0.00) are: 1.03 times more for r  = 0.15, 
0.98 times for r  = 0.30, 1.25 times for r  = 0.60, 1.25 times for r  = 1.00, and 
0.48 for OC at an age of 270 days. Finally, the reported drying shrinkage (see 
Figure 7 and Table 5) indicates that the shrinkage rate is high at early ages, and 
then slows down with time (after 180 days, for practical purposes the strain 
increase due to drying becomes a low constant rate). In addition to this, in the 
same way as the other properties mentioned above, replacement factors of RCA 
by natural aggregate above 30% ( r  ≥ 0.30) cause a rapid increase in the values 
of drying shrinkage. 
 
 
 
 CONCLUSIONS 
 
 
Based on the research and results presented in this paper, the following 
conclusions are reached: 
 
 
Specific conclusions: 
 
 
1. With regards to the expansion reported for the CRCA, we would say that 
this expansion is correlative with the factor r ; and that in addition, the r  
≥ 0.60 factors show expansion increases, which are 2.5 times greater 
than the r  < 0.60 factors. 
 
2. As far as the expansion recovery process is concerned, the factors 
contained in the range of r  ≥ 0.60 require approximately 187 days to 
reach the other variables, ending in the recovery of an average of 68% of 
the expansion undergone at an age of 270 days, whereas the factors 
falling in the range of r  ≤ 0.30 were only able to recover an average of 
22% of the expansion undergone at the same age. 
 
3. With respect to the basic shrinkage, the factors within the range r  ≥ 0.60 
show an average strain of 0.050 mm/m against an average of 0.007 
mm/m for the factors in the range of r  ≤ 0.30 (which is the equivalent of 
7 times less). 
 
4. For the property total shrinkage, the strain proportions seen as a function 
of the reference concrete are: r  = 0.15 of 1.03 time more, 0.98 for r  = 
0.30, 1.25 for r  = 0.60, 1.25 for r  = 1.00, and 0.48 for OC at an age of 
270 days. 
 
5. Finally, the separation of the variables into two groups as stated above is 
also consistent with drying shrinkage; this threshold in the RCA content 
percentages leads to considerable CRCA strain increases. 
 
 
General conclusions: 
 
 
1. The use of RCA for the creation of CRCA is a viable, profitable 
technique provided that suitable conditions are employed in its 
implementation. 
 
2. The shrinkage phenomenon is crucial in CRCA, given the characteristics 
and composition of the RCA, since these affect both the short and long-
 term behavior of this type of concrete. This causes variations in their 
behavior coefficients and restricts their application if they are omitted or 
compared to conventional concretes. 
 
3. The CRCA properties differ from those of ordinary concrete, including 
considerable increases in shrinkage. These increases correspond to the 
high porosity and permeability of the RCA, since they are only partly 
constituted (part old mortar and part natural aggregate). 
 
4. The increase in the availability of water and hence the possibility of 
movement until water balance is attained with the surrounding 
environment cause both the drying shrinkage and its rate to increase in 
the CRCA. 
 
5. In the case of basic shrinkage, the variations may be small in quantitative 
terms; however, there is a clear correlative increase with the factor r . 
 
6. It therefore appears that an RCA content which is less than 30% in the 
CRCA is both safe and feasible, provided that shrinkage inhibitors are 
not employed  
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Table 1 Mixtures used for original concrete. 
Component OC 
Cement (kg/m3) (*) 380 
Water (kg/m3) 168 
Fine gravel (5-12) (kg/cm3) (2*) 252 
Gravel (12-20) (kg/cm3) (2*) 773 
Sand (0-5) (kg/m3) (2*) 784 
w/c 0.44 
Coarse A / Fine A (Vol.) 1.3 
Additives (Plasticizer) (l/m3) 2.69 
(*) CEM I 42.5 R (2*) Limestone aggregate, Garraf quarry, Barcelona 
 
 
 
 
 
 
  
Table 2 Properties of recycled and natural aggregate. 
Property RCA NA
(*) 
 
10-20 5-10 0-5(2*) 12-20 5-12 0-5 
Dry specific gravity (kg/m3) 2280 2260 2170 2570 2640 2570 
Specific gravity (surface dry) 
(kg/m3) 2410 2420 2350 2590 2670 2600 
Water absorption (%) 5.828 6.806 8.160 0.876 1.134 1.49 
Total porosity (%) 13.42 14.86 ----- 2.70 2.82 ----- 
Shape index 0.363 0.466 ----- 0.364 0.576 ----- 
Flakiness index 6 15 ----- 8 19 ----- 
Modulus of fineness 7.2 6.2 3.8 6.9 5.0 3.3 
Sand equivalent (%) ----- ----- 93.6 ----- ----- 93.8 
Particles < 200µ (%) 0.06 0.29 9.85 0.50 2.46 9.24 
(*)
 Limestone aggregate, Garraf quarry, Barcelona (2*) not used to manufacture CRCA 
 
 
Table 3 Mixtures used for recycled concrete. 
Component r = 1.00 r = 0.60 r  = 0.30 r = 0.15 r  = 0.00 
Cement (kg/m3) (*) 400 
Water (kg/m3) 207.6 
RCA 
(kg/cm3) 
Fine gravel (5-10) 406 258 134 69 0 
Gravel (10-20) 497 315 164 84 0 
NA (kg/cm3) 
Fine gravel (5-12) 
(2*)
 
0 268 488 604 710 
Gravel (12-20) (2*) 0 115 209 259 304 
Sand (0-5) (kg/m3) (2*) 662 
w/c 0.52 
Coarse A / Fine A (Vol.) 1.53 
(*)
 CEM I 52.5R UNE 80 301 96 RC/97 (2*) Limestone aggregate, Garraf quarry, Barcelona 
 
 
Table 4 Mechanical and physical properties of recycled concrete. 
 
Tensile 
Strength (MPa) 
Compressive 
Strength (MPa) 
Young´s Modulus 
(GPa) 
A
BS
O
R
PT
IO
N
 
(%
) 
W
A
TE
R
 
PO
R
O
SI
TY
 
(%
) 
D
s 
(k
g/
m
3 ) 
D
ss
s 
(k
g/
m
3 ) 
       Age (*) 
 
Factor 
7 28 90 180 7 28 90 180 7 28 90 180 
r =0.00 3.6 3.7 3.9 4.1 33.3 39.0 42.1 47.0 27.6 29.7 32.4 32.9 8.40 18.0 2130 2310 
r =0.15 3.3 3.7 3.9 4.1 33.9 38.1 41.6 46.6 27.2 291 30.1 30.8 8.60 18.5 2140 2360 
r =0.30 3.3 3.6 3.9 4.0 34.8 37.0 39.5 44.1 26.5 27.8 29.4 29.9 8.60 18.5 2150 2330 
r =0.60 3.2 3.4 3.7 3.9 30.6 35.8 38.3 44.1 25.5 26.6 27.6 27.0 9.00 19.2 2120 2320 
r =1.00 3.5 3.3 3.6 3.9 30.7 34.5 37.5 43.0 26.9 26.7 26.4 26.5 9.60 20.1 2090 2290 
OC 3.2 3.8 --- --- 35.2 38.4 --- --- 33.0 33.7 --- --- 
5.90 13.4 2270 2410 
OC(2*)  4.1 4.1 4.2 4.3 45.1 45.4 47.0 48.4 35.2 34.5 34.6 34.9 
    (*)
 Days (2*) 172, 193, 255 and 345 days of age 
  
 
 
 
 
 
 
Table 5 Shrinkage of recycled concrete. 
Strain (mm/m) εsh basic εsh total εsh drying εsh basic εsh total εsh drying εsh basic εsh total εsh drying εsh basic εsh total εsh 
drying 
                Age (*) 
Factor  28   90   180   270  
r = 1.00 0.0010 0.2411 0.2401 0.0138 0.4166 0.4029 0.0280 0.5100 0.4820 0.0400 0.5280 0.4880 
r  = 0.60 -0.0283 0.2231 0.2514 0.0310 0.4414 0.4104 0.4338 0.5217 0.0879 0.0560 0.5370 0.4810 
r  = 0.30 -0.0017 0.2307 0.2324 -0.0040 0.3484 0.3524 -0.0060 0.4250 0.4310 -0.0030 0.4220 0.4250 
r  = 0.15 -0.0120 0.2367 0.2487 -0.0080 0.3683 0.3763 -0.0050 0.4268 0.4318 -0.0020 0.4410 0.4430 
r  = 0.00 -0.0190 0.2060 0.2250 -0.0220 0.3520 0.3740 -0.0210 0.4290 0.4500 -0.0160 0.4290 0.4450 
OC (2*) -0.0170 0.0771 0.0941 -0.0260 0.1680 0.1940 -0.0440 0.2020 0.2460 -0.0430 0.2041 0.2471 
(*)
 Days    (2*) Shrinkage (193, 255, 345 and 435 days) 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1 Specimens preparation for trial. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2 Specimens in climatic chamber. 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3 Deformation by swell and basic shrinkage for different recycled 
concrete. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4 Deformation by swell and total shrinkage for different recycled 
concrete. 
 
 
 
-0.40
-0.30
-0.20
-0.10
0.00
0.10
0.20
0.30
0 1500 3000 4500 6000
Time (hours)
St
ra
in
g 
(m
m
/m
) 
Climate chamber 
Curing 
chamber 
r = 0.00,  r = 0.15 and r = 
0.30 
r = 0.60 
r = 1.00 
 OC 
(+) Shrinkage 
(-) Expansion 
-0.30
-0.10
0.10
0.30
0.50
0.70
0 1500 3000 4500 6000
Time (hours)
St
ra
in
 
(m
m
/m
)
Climate chamber 
Curing 
chambe
r 
r = 0.00 
r = 0.15
r = 0.30 
r = 0.60 
r = 
OC 
(+) Shrinkage 
(-) Expansion 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5 Basic shrinkage for different recycled concrete. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6 Total shrinkage for different recycled concrete. 
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Figure 7 Shrinkage due to drying for different recycled concrete. 
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